Introduction
============

In recent years, bladder cancer has become the most common urogenital neoplasm in China. The incidence of bladder cancer ranks first in the genitourinary cancers and it has a high recurrence rate after treatment. Therefore, it is imperative to obtain an effective method to treat this disease ([@b1-ol-0-0-9554]). However, ideal prognosis indicators are not yet specified ([@b2-ol-0-0-9554]--[@b4-ol-0-0-9554]) for the pathogenesis of bladder cancer and specific prognostic information is scarce, although many histological and biological indicators, such as staging and grading of cancer cells, infiltrated degree of blood vessels, size of tumor, single or multiple and deoxyribose nucleic acid (DNA) ploidy are used to evaluate the development tendency of bladder cancer.

With the development of molecular biology, biologists have studied the occurrence and developmental change rules of bladder cancer at the genetic level, which has become the study focus in recent years. The genes related to bladder cancer include the cancer gene, cancer suppressor gene and DNA mismatching repair gene ([@b5-ol-0-0-9554],[@b6-ol-0-0-9554]). Wilms tumor 1-associated protein (WTAP) is a gene closely related to occurrence and developmental change and is involved in the formation of multiple tumors, thus playing an important role. On the contrary, there are no reports on its effects in bladder cancer thus far.

Therefore, the aim of the study was to investigate the relationship between WTAP expression in bladder cancer and the recurrence and prognosis of bladder cancer, providing theoretical bases for the diagnosis, treatment and prognosis of bladder cancer.

Materials and methods
=====================

### Collection of tumor tissues

Specimens were obtained from the patients who underwent surgery in the Zhongnan Hospital of Wuhan University (Wuhan, China) and had complete hospitalization data. A total of 62 fresh specimens of bladder transitional cell cancer tissues were collected as the bladder cancer group (48 males and 14 females), while 20 normal bladder mucosa specimens were selected as the control group (14 males and 6 females). The average age in the control group was 57±19 years and that in the bladder cancer group was 52±13 years. Through comparisons, there were no statistically significant differences in the sex and age between the two groups (P\>0.05).

The study was approved by the Ethics Committee of Zhongnan Hospital of Wuhan University and informed consent was signed by the patients or guardians.

### Main reagents

The main reagents used were: bicinchoninic acid (BCA) protein assay kit (Beyotime, Shanghai, China); TRIzol total ribose nucleic acid (RNA) extraction kit (Tiangen Biotech, Beijing, China); reverse transcription-polymerase chain reaction (RT-PCR) kit (Tiangen Biotech); rabbit anti-human glyceraldehyde 3-phosphate dehydrogenase (GAPDH) and WTAP polyclonal antibodies (cat. nos. 2118 and 56501, respectively; Cell Signaling Technology, Inc.; Danvers, MA, USA).

### Hematoxylin and eosin (H&E) staining

Bladder tissues in the two groups were embedded into paraffin wax and made into paraffin blocks which were cut into 5-µm sections as the blank sections. Then, H&E staining was conducted using the routine histopathological method. The stained specimens were observed under light microscope (×200, Olympus Corporation, Tokyo, Japan) and then histopathological analysis was carried out.

### Immunohistochemistry

Prepared tissue paraffin sections of two groups were soaked in xylene (10 min each time, 2 times), and then in the gradient ethanol for 5 min. After the antigen repair, phosphate-buffered saline (PBS) was used to wash the resulting products (3 min each time, 3 times). Streptavidin peroxidase (SP) staining was followed by PBS washing (3 min each time, 3 times). PBS was then absorbed and normal goat serum for blocking was dripped into the sections for 15 min incubation at room temperature. The rabbit anti-human WTAP polyclonal antibody (1:200) were added by dripping and the wet boxes were placed into the refrigerator at 4°C overnight. After PBS washing (5 min each time, 3 times), SignalStain^®^ Boost IHC Detection Reagent secondary antibody (1:600; cat. no. 8114; Cell Signaling Technology, Inc.) was added by dripping for 15 min incubation at 37°C. Then, the working fluid was dripped into the foregoing product for incubation under the same conditions, after PBS washing again (5 min each time, 3 times). Then, the freshly-prepared diaminobenzidine (DAB) solution was dripped into the incubated sections and the color development degree was observed and controlled under the microscope. In addition, hematoxylin was used to re-stain the sections which were differentiated for 20 sec by 1% hydrochloric acid alcohol to restore the blue color. Neutral gum was used to seal the section after the dehydration by gradient ethanol. All the stained specimens were observed under an Eclipse TE2000-U light microscope (×200) (Nikon Corp., Tokyo, Japan) and the analysis was performed.

### RT-PCR testing

The tissues of the control group and the bladder cancer group were transferred into the Eppendorf (EP) tubes containing the RNAiso Plus extraction solution, respectively. They were settled at room temperature for 5 min to fully disintegrate the specimens. The specimens were then centrifuged at 12,000 × g at 4°C. The supernatant was obtained and was added with 0.2 ml chloroform. The supernatant was mixed evenly and settled under the same conditions as above. Afterwards, the mixed solution was centrifuged at 12,000 × g at 4°C for 15 min and the supernatant was absorbed which was added with the same volume of isopropanol. After mixing evenly, the solution was settled for 10 min at room temperature. Then, the solution was centrifuged under the same conditions as above for 10 min and the sediments were reserved with the supernatant carefully removed, and added with 1 ml 75% ethanol. After mixing evenly, centrifugation was conducted under the same conditions for 5 min. Similarly, the supernatant was removed and the centrifugation was repeated once. After RNA sediments were washed and the liquid was removed with the RNase-free water added. Part of total RNA solution was diluted into the 1 µg/µl solution and the reverse transcription reaction solution was prepared according to the requirements in the instructions of PrimeScript^®^ RT reagent kit with genomic DNA (gDNA) eraser and was added with the corresponding RNA specimens to conduct the reverse transcription and further obtain the complementary DNA (cDNA). The resulting cDNA was stored under −20°C. Subsequently, the level of mRNA was determined as indicated in the instructions of teh SYBR^®^ Premix Ex Taq™ II (Tli RNaseH Plus) kit. The primer sequences of WTAP were: 5′-3′ CAACCT CTTTAGCCAAACAAGAA and 3′-5′ ATTCCTGAGTGC AACAGC.

### Western blot detection

The tissues of the control and bladder cancer groups were washed with the iced normal saline and the proteins were extracted according to the protocol of the total protein extraction kit. The immunoprecipitation (IP) lysis buffer containing phenylmethanesulfonyl fluoride (PMSF) and protease inhibitor were added into the ice and the tissues were fully ground. The tissue homogenate was centrifuged at 12,000 × g at 4°C for 10 min and the supernatant was taken to be centrifuged under the same conditions for 20 min. The resulting supernatant was taken. The protein content was then tested according to the protocol of the protein kit and the protein sample containing the same content of total proteins was added for sampling to conduct the sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) under constant voltage of 220 V, until the bromophenol blue reached the bottom of gel. The gel was cut according to the molecular weight of the target protein and the separated proteins were electro-transferred onto the polyvinylidene fluoride (PVDF) membrane. The PVDF membrane attached with the proteins was placed in 5% skim milk and blocked in the shaking incubator at room temperature for 3 h. Rabbit anti-human GAPDH and WTAP polyclonal antibodies (1:1,000) were added for incubating and were placed at 4°C overnight. The next day, the membranes were fully washed using Tween-Tris buffered saline (TTBS) (10 min each time, 3 times) and the goat anti-rabbit secondary polyclonal antibody (1:2,000; cat. no. 7074; Cell Signaling Technology, Inc.) were added to incubate at room temperature for 1 h. After TTBS washing (10 min each time, 3 times), the enhanced chemiluminescence (ECL) developing solution was dripped to develop the color and then imaged.

### Statistical processing

Statistical Product and Service Solutions 17.0 (SPSS 17.0) statistical software was used for the statistical analyses and the single factor analyses for the related data were conducted by Kaplan-Meier method. The significance of the differences was compared by the log-rank test. The effects of multiple clinical and pathological factors on the recurrence time were studied using Cox proportional hazard model. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Pathological conditions observed by H&E staining method

The H&E staining sections of bladder tissues in the control and bladder cancer groups were used to specify the pathological morphology and the cell growth features of bladder cancer. Compared with tissues of the control group, those of the bladder cancer group were destroyed and the cell nuclei were damaged ([Fig. 1](#f1-ol-0-0-9554){ref-type="fig"}). Moreover, there were a large number of infiltrating inflammatory cells with significant histopathology.

### Immunohistochemical staining

As shown in [Fig. 2](#f2-ol-0-0-9554){ref-type="fig"}, WTAP was low-expressed in the control group and brownish-yellow and tan cell nuclei were generated in the tissue sections after WTAP immunohistochemical staining. Compared with WTAP expression of the control group, that in the bladder cancer group was significantly increased.

### WTAP mRNA RT-PCR results in the control group and the bladder cancer group

The tissue specimens of the control and bladder cancer groups were extracted, respectively. Then, RT-PCR was conducted for the total RNA extracted for the two groups. According to results, the expression of WTAP in the control group was significantly lower than that in the bladder cancer group and this indicated that there were a large number of WTAP mRNAs transcribed in the bladder cancer group ([Fig. 3](#f3-ol-0-0-9554){ref-type="fig"}).

### Western blot analysis of WTAP proteins in the control and bladder cancer groups

According to western blot results, WTAP proteins were poorly expressed in the bladder tissues of the control group, while the expression was high in the tissues of the bladder cancer group ([Fig. 4](#f4-ol-0-0-9554){ref-type="fig"}).

### Relationship between WTAP and the prognosis of bladder cancer patients

The Kaplan-Meier survival analyses were conducted to show the effects of both the negative and positive WTAP expression levels on the prognosis of patients. [Fig. 5](#f5-ol-0-0-9554){ref-type="fig"} shows that the total survival period in the negative WTAP expression group was significantly higher than that in the positive WTAP expression group (P\<0.05).

Discussion
==========

The occurrence and development of bladder cancer are the results of multiple cancer genes and cancer suppressor genes simultaneously or sequentially acting in the same environment. In recent years, the incidence of bladder cancer is rising year by year world-wide affecting both adult and young people ([@b7-ol-0-0-9554],[@b8-ol-0-0-9554]). Bladder cancer refers to a common malignant tumor that generally occurs in the bladder mucosa, and is the most common tumor in the genitourinary system ([@b9-ol-0-0-9554]--[@b11-ol-0-0-9554]). People at different ages, both female and male, can be affected by bladder cancer, but males and the elderly are more vulnerable to this disease which severely harms human health ([@b12-ol-0-0-9554]--[@b14-ol-0-0-9554]). Therefore, it is crucial to identify an effective method to treat bladder cancer. A number of studies have previously been carried out to determine the diagnosis and treatment of bladder cancer ([@b15-ol-0-0-9554]--[@b17-ol-0-0-9554]). WTAP is a key gene involving many tumor diseases. Previous findings have shgown that WTAP is involved and plays an important role in the occurrence and development of tumors ([@b18-ol-0-0-9554]--[@b20-ol-0-0-9554]). However, the effects of WTAP in bladder cancer should be studied further and its molecular mechanisms should be also verified.

WTAP, which is a key regulatory factor, is thought to be closely related to the occurrence and development of many kinds of malignant tumors ([@b21-ol-0-0-9554]). WTAP can promote the occurrence and development of malignant tumor by stabilizing C-Myc, promoting cell proliferation and anchoring independent growth, blocking senescence and differentiation ([@b22-ol-0-0-9554]). In this study, we conducted a preliminary study on whether WTAP can be used as a diagnostic marker for bladder cancer. Our results showed that the cell structure was destroyed and the nucleus shrank in the bladder cancer group, while the tissue in the control group was intact. Immunohistochemical staining showed that the expression of WTAP in bladder cancer group was significantly higher than that in control group. This suggests that the expression of WTAP in bladder tumors is more specific. Therefore, WTAP may be used as a new tumor marker in the diagnosis of bladder tumors. At the same time, as a therapeutic target, further research on WTAP is needed. The results of RT-PCR and Western blot analysis showed that WTAP mRNA and protein were highly expressed in bladder cancer group.

In conclusion, the present study proved that WTAP expression in the bladder cancer group was significantly increased compared with that in the control group, indicating that WTAP may play an important role in the occurrence and development of bladder cancer. This provides a new thought and direction for the diagnosis and treatment of bladder cancer and is expected to be a new approach for the treatment of bladder cancer patients in the future.
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![Hematoxylin and eosin (H&E) staining results of tissues of the control group and the bladder cancer group (×200). Compared with tissues of the control group, those of the bladder cancer group are destroyed and the cell nuclei are damaged; moreover, a large number of inflammatory infiltrating cells with the significant histopathology is observed.](ol-16-06-6966-g00){#f1-ol-0-0-9554}
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